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10 BACKGROUND OF THE INVENTION 

Cross-Reference to Related A pplications 

This is a divisional of non-provisional application U.S. 
Serial Number 10/014,973, filed October 26, 2001, which claims 
15 benefit of provisional application U.S. Serial Number 60/244,010, 
filed October 27, 2000, now abandoned. 

Field of the Invention 

The present invention relates generally to the fields of 
20 biochemistry and nucleic acid chemistry. More specifically, the 



present invention relates to in vitro selection of RNA nucleic acid 
binding species containing from one to three identical fluorescently 
labeled nucleotides. 



5 Description of the Related Art 

Nucleic acid binding species (aptamers) that bind a wide 
range of targets are readily selected from random sequence 
populations (1-4). Selected aptamers can recognize molecules as 
simple as amino acids (5) or as complex as red blood cell membranes 

10 (6). The incorporation of chemically modified bases into aptamers 
drastically improves their stabilities and potentially renders them 
suitable for use in homogenous assays with sera or urine samples. 

Reagentless biosensors that can directly transduce 
molecular recognition to optical signals can potentiate the 

15 development of sensor arrays for a wide variety of analytes. 
Pluripotent nucleic acid binding species, aptamers, are readily 
selected, but can be difficult to adapt to biosensor applications. The 
adaptation of selected nucleic acid binding species (aptamers) to 
function as biosensors can further potentiate numerous diagnostic 

20 applications (7-8). 



Some nascent examples of aptamer biosensors have 
already been developed. Fluorescently labeled aptamers and capillary 
electrophoresis coupled to laser induced fluorescence (CE-LIF) have 
been used to sensitively detect IgE and thrombin in solution (9). A 
5 labeled anti- thrombin aptamer immobilized on a glass support can 
detect thrombin in solution by following changes in evanescent-wave- 
induced fluorescence anisotropy (10). Labeled anti-CD4 aptamers are 
used to stain mouse T cells that express human CD4 (11). A labeled 
anti-human neutrophil elastase (HNE) aptamer is as effective as an 

10 anti-anti-human neutrophil elastase antibody for detecting human 
neutrophil elastase on beads (12). 

However, these analytical methods are essentially mimics 
of methods already developed with antibodies, and generally rely upon 
an indirect readout of binding following washing or other separation 

15 techniques. In contrast, molecules that can directly signal the 
presence of analytes are proving increasingly useful as biosensors 
(13). For example, a mutant of the E. coli phosphate binding protein 
labeled with a fluorescent dye at the edge of its binding site (14) 
exhibited a large increase in fluorescence upon inorganic phosphate- 

20 binding (15). A similarly labeled maltose binding protein 



quantitatively detects maltose in solution 16 , while a labeled glucose 
binding protein detects glucose (17). The conjugation of both 
acceptor and donor fluorophores to cAMP-dependent protein kinase 
yielded a sensor in which fluorescence resonance energy transfer 
5 (FRET) is modulated by cAMP (18). 

Aptamers that bind small molecules have been shown to 
undergo conformational changes upon interactions with their cognate 
ligands (19-20). A reporter fluorophore introduced into an aptamer 
in a region known to undergo conformational change can lead to a 

10 change in fluorescence intensity after the binding event. However, 
such an introduction of a fluorophore may result in a significant loss 
of binding energy, possibly due to steric hindrance or the perturbation 
of the conformational equilibrium. 

Given that functional nucleic acids contain only four 

15 monomers with limited chemistries, and that nucleic acid structure is 
largely predicated on Watson-Crick pairs in which nucleotides are co- 
dependent, it is surprising that binding species and catalysts can be 
selected from random sequence pools that are substantially depleted 
in a given nucleotide. However, Rogers and Joyce (22) have shown 

20 that ribozymes lacking cytidine can be selected following continuous 



evolution of the Bartel Class I ligase. While aptamers and ribozymes 
can be selected from pools depleted in one of the nucleotides, a 
functional price is apparently paid for the lost chemistry and 
structure. The C-less ribozyme is roughly 100 to 10,000-fold slower 
5 than comparable ribozymes that contain cytidine. 

It is advantageous, therefore, to reduce the apparent 
dissonance between ligand-binding and fluorescent signaling. Ab 
initio selection methods that yield signaling aptamers containing only 
a few identical residues of a fluorescent nucleotide provide such a 
10 means. These selected signaling aptamers couple the broad molecular 
recognition properties of their aptamers with signal transduction. 

The prior art is deficient in the lack of in vitro selection 
methods for signaling aptamers. The present invention fulfills this 
long-standing need and desire in the art. 

15 



SUMMARY OF THE INVENTION 



The present invention provides a method of selecting 
20 signaling aptamers in vitro comprising the steps: synthesizing a DNA 

5 



pool so that the DNA has a random insert of nucleotides in a specific 
skewed mole ratio; amplifying the DNA pool; transcribing an RNApool 
from the amplified DNA wherein a nucleotide used in the RNA 
transcription is fluorescently labeled; applying the fluorescently 

5 labeled RNA pool to an affinity column wherein high-affinity 
fluorescent RNA molecules are removed from the fluorescently labeled 
RNA pool; obtaining a cDNA pool from the high-affinity fluorescent 
RNA molecules; repeating the amplification and selection steps on the 
fluorescent RNA molecules and cloning the fluorescent RNA molecules 

10 where the clones comprise signaling aptamers. 

The present invention also provides a method of selecting 
signaling aptamers in vitro comprising the steps of synthesizing a DNA 
pool, where said DNA has a random insert of nucleotides and said 
nucleotides comprise a skewed mole ratio; amplifying the DNA pool 

15 wherein a nucleotide used in the DNA amplification is labeled with one 
or more reporter molecules; isolating the labeled single-stranded DNA 
from the amplified DNA; applying the labeled single-stranded DNA 
pool to an affinity column wherein high-affinity labeled DNA 
molecules are removed from the labeled DNA pool; repeating steps (a) 

20 through (d) so as to retain the high-affinity labeled DNA pool on the 



affinity column; and cloning the retained labeled DNA molecules 
where the clones comprise signaling aptamers. 

In another embodiment of the present invention, there is 
provided a signaling aptamer that transduces the conformational 
5 change upon binding a ligand to a change in fluorescence intensity of 
a fluorescently labeled nucleotide incorporated into the RNA sequence 
of the signaling aptamer. Additionally, the fluorescently labeled 
nucleotide may be incorporated into a DNA signaling aptamer. 

In a preferred embodiment of the present invention there 
10 is provided a fluoresceinated RNA anti-adenosine signaling aptamer. 



BRIEF DESCRIPTION OF THE DRAWINGS 



15 So that the matter in which the above-recited features, 

advantages and objects of the invention, as well as others which will 
become clear, and are attained and can be understood in detail, more 
particular descriptions of the invention are briefly summarized above 
may be had by reference to certain embodiments thereof which are 

20 illustrated in the appended drawings. These drawings form a part of 
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the specification. It is to be noted, however, that the appended 
drawings illustrate preferred embodiments of the invention and 
therefore are not to be considered limiting in their scope. 

Figure 1A shows the sequence of the RNA pool used for 
5 selection. The 51 -nucleotide random sequence region of this pool is 
skewed (33.1% A, C, and G, 6% U). Uridine residues are completely 
replaced by F-12-U. 

Figure IB shows the minimal anti-adenosine aptamer 
selected by Sassanfar and Szostak 23 . 
10 Figure 1C shows the sequences of the 51 nucleotide 

random region from cloned aptamers. The numbers of identical 
clones are in parentheses. Underlined residues indicate a six- 
nucleotide motif shared by sequences in Family 1 and Family 2. 

Figure ID shows the screen for signaling aptamers. The 
15 signaling abilities of aptamers (100 nM) in the presence of 200 mM 
ATP are shown. 

Figure 2 A shows the predicted secondary structures of 
the signaling aptamers rafl7, rafl7-U61C, and rafl7s. Residues in 
constant regions are shown in bold. F-12-U residues are highlighted. 



Figure 2B shows the response curves for signaling 
aptamers. Multiple data sets were fitted to curves using the equation 
Y= AX/ (X + K d ). The table below the curves shows the calculated 
curve-fit parameters and the changes in relative fluorescence units 
5 (RFU) at saturation. 

Figure 3 A shows the signaling specificity of rafl7-U61C 
(21 nM). Aptamer rafl7-U61C was assayed for signaling in the 
presence of 200 \iM ligand. The change in RFU for different ligands is 
shown normalized to the change in RFU with ATP. 
10 Figure 3B shows the comparison of the binding specificity 

reported for ATP-40-1 (20) to the positive signaling specificity of 
rafl7-U61C. 

Figures 4A-4B show the response curves for signaling 
aptamers in the presence of other nucleotides (Figure 4 A) and in the 
15 presence of 1% serum (Figure 4B). Figure 4A: An equimolar 
solution of ATP, GTP, CTP, and UTP was mixed with the signaling 
aptamer rafl7s at varying concentrations. Figure 4B: The signaling 
aptamer rafl7s was mixed with varying amounts of ATP. Presentation 
and values are as in Figure 2. 
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Figures 5A-5B show the response curves for signaling 
aptamers raCB7b (Figure 5 A) and raRG7b (Figure 5B). Duplicate 
data sets were fitted to the curves. The table below the curves shows 
the calculated curve-fit parameters. 
5 Figure 6 shows the response curves for the selected 

signaling aptamer, rafl7s, and the designed signaling aptamer, RNA- 
13-AC (21). 



io DETAILED DESCRIPTION OF THE INVENTION 

One embodiment of the present invention is a method of 
selecting signaling aptamers in vitro comprising the steps: synthesizing 
a DNA pool where the DNA has a random insert of nucleotides where 

15 the nucleotides comprise a specific skewed mole ratio; amplifying the 
DNA pool; transcribing an RNA pool from the amplified DNA so that a 
nucleotide used in the RNA transcription is fluorescently labeled; 
applying the fluorescently labeled RNA pool to an affinity column such 
that high-affinity fluorescent RNA molecules are removed from the 

20 fluorescently labeled RNA pool; obtaining a cDNA pool from the high 

10 



affinity fluorescent RNA molecules; repeating the amplification and 
selection steps on the high affinity fluorescent RNA molecules and 
cloning the selected fluorescent RNA molecules where the clones 
comprise signaling aptamers. 
5 In an aspect of this embodiment the nucleotides used in 

the RNA amplification may be chemically-modified. Preferably, the 
DNA has a random insert of 51 nucleotides skewed in the mole ratio 
of 3:3:2:0.38 A:C:G:T. The fluorescent label may be a fluorescent dye 
and is appended to a specific nucleotide wherein said fluorescently 

10 labeled nucleotide is incorporated into the RNA during transcription. 
Representative examples of a fluorescent dye are fluorescein, Cascade 
Blue and Rhodamine Green. Preferably, the fluorescent RNA contains 
from about one to three nucleotides bearing the fluorescent label 
wherein the fluorescent RNA is a signaling aptamer. In a preferred 

15 embodiment of the present invention, there is provided a selected 
signaling aptamer containing from one to three fluoresceinated 
uridines. 

Another embodiment of the present invention is a method 
for the in vitro selection of a DNA signaling aptamer comprising the 
20 steps of synthesizing a DNA pool, where said DNA has a random insert 

1 1 



of nucleotides and said nucleotides comprise a skewed mole ratio; 
amplifying the DNA pool where a nucleotide used in the DNA 
amplification is labeled with one or more reporter molecules; isolating 
the labeled single-stranded DNA from the amplified DNA; applying the 

5 labeled single-stranded DNA pool to an affinity column wherein high- 
affinity labeled DNA molecules are removed from the labeled DNA 
pool; repeating steps (a) through (d) so as to retain the high-affinity 
labeled DNA pool on the affinity column; and cloning the retained 
labeled DNA molecules wherein the clones comprise signaling 

10 aptamers. 

In an aspect of this embodiment the nucleotides used in 
the DNA amplification may be chemically-modified. Preferably, the 
DNA has a random insert of 51 nucleotides skewed in the mole ratio 
of 3:3:2:0.38 A:C:G:T. The fluorescent label may be a fluorescent dye 
15 and is appended to a specific nucleotide or to a primer wherein said 
fluorescently labeled nucleotide is incorporated into the DNA during 
amplification. Representative examples of a fluorescent dye are 
fluorescein, Cascade Blue and Rhodamine Green. Preferably, the 
fluorescent DNA contains from about one to three nucleotides bearing 
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the fluorescent label wherein the fluorescent DNA is a signaling 
aptamer. 

Yet another embodiment of the present invention is a 
selected signaling aptamer comprising an RNA or a DNA nucleic acid 

5 binding species (aptamer) wherein the aptamer contains from about 
one to three fluorescently labeled identical nucleotides. The selected 
signaling aptamer transduces the conformational change upon binding 
a ligand to a change in fluoresecence intensity of the fluorescent dye 
incorporated into the signaling aptamer. In a preferred embodiment 

10 of the present invention, the signaling aptamer is a fluoresceinated 
anti-adenosine RNA aptamer. 



As used herein, the term "aptamer" or "selected nucleic 
acid binding species" shall include non-modified or chemically 
15 modified RNA or DNA. The method of selection may be by, but is not 
limited to, affinity chromatography and the method of amplification 
by reverse transcription (RT) or polymerase chain reaction (PCR). 

As used herein, the term "signaling aptamer" shall include 
aptamers with reporter molecules, preferably a fluorescent dye, 
20 appended to a nucleotide in such a way that upon conformational 
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changes resulting from the aptamer's interaction with a ligand, the 
reporter molecules yields a differential signal, preferably a change in 
fluorescence intensity. 

As used herein, the term "ligand" shall include any 
5 molecule that binds to the signaling aptamer. 

As used herein, the term "appended" shall include, but is 
not limited to, the incorporation of a fluorescently labeled nucleotide 
during the transcription of the RNA comprising the signaling aptamer. 

As used herein, the term "PCR" refers to the polymerase 
10 chain reaction that is the subject of U.S. Pat Nos. 4,683,195 and 
4,683,202 to Mullis, as well as other improvements now known in the 
art. 

As used herein, the term "bases" refers to both the 
deoxyribonucleic and ribonucleic acids. The following abbreviations 

15 are used, "A" refers to adenine as well as to it deoxyribose derivative, 
"T" refers to thymine "U" refers to uridine, "G" refers to guanine as 
well as its deoxyribose derivative, "C" refers to cytosine as well as its 
deoxyribose derivative. A person having ordinary skill in this art 
would readily recognize that these bases may be modified or 

20 derivatized to optimize the methods of the present invention. 
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Table 1 provides detailed information on the selected 
signaling aptamers of the present invention. 



TABLE 1 
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Signaling 


Aptamer 


Fluorescent 


No. 


of 




Aptamer 


Type 


Dye 


Uridines 


Signals 




rafl5 


RNA anti-ATP 


fluorescein 


3 


Yes 


10 


rafl7 


RNA anti-ATP 


fluorescein 


2 


Yes 




rafl7-U61C 


RNA anti-ATP 


fluorescein 


1 


Yes 




rafl7-U52C 


RNA anti-ATP 


fluorescein 


1 


No 




rafl7s 


RNA anti-ATP 


fluorescein 


1 


Yes 




rafl34 


RNA anti-ATP 


fluorescein 


2 


Yes 


15 


rafllO 


RNA anti-ATP 


fluorescein 


3 


slight 




raf 1 1 1 

i a i l i l 


RNA anti-ATP 

IXllil ail 11 A X X 


■flnnrpQPPi n 

11UU1 C/at'^lll 




c 1 i cr H t 

O 11 id 11 L 




raf 18 


RNA anti-ATP 


fluorescein 


2 


n.d. 




rafl33 


RNA anti-ATP 


fluorescein 


1 


negative 




rafll4 


RNA anti-ATP 


fluorescein 


1 


negative 


20 


rafl20 


RNA anti-ATP 


fluorescein 


2 


negative 




rafl26 


RNA anti-ATP 


fluorescein 


1 


slight 




rafl28 


RNA anti-ATP 


fluorescein 


4 


negative 




raRG7b 


RNA anti-ATP 


Rhodamine Gr. 


1 


Yes 




raCB7b 


RNA anti-ATP 


Cascade Blue 


1 


Yes 


25 


raTR7b 


RNA anti-ATP 


Texas Red 


1 


No 
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The present invention is directed toward a method of 
selecting signaling aptamers in vitro wherein the signaling aptamers 
contain from about one to three fluorescently labeled identical 
nucleotides. Additionally, the present invention is directed toward 
5 such a signaling aptamer wherein the signaling aptamer transduces a 
conformational change upon binding a ligand to a change in the 
fluorescence intensity of the fluorescent nucleotide incorporated 
therein. 

Aptamers undergo ligand-induced conformational changes. 

10 In order to convert aptamers to signaling aptamers, reporter 
molecules are introduced into the aptamers. The reporter molecules 
perceive a change in their local chemical environment as a result of 
the conformational change, and as result may signal the 
conformational change and hence the ligand-binding event. 

15 In order to generate signaling aptamers, a fluorescent or 

other reporter(s) is introduced into the naive random sequence pool. 
For example, nucleotides bearing fluorescent reporters can be 
introduced into the pool using DNA or RNA polymerases. Similarly, 
primers bearing fluorescent reporters or nucleotides that contain 

20 reporter(s) can be introduced into DNA pools. Aptamers are selected 

16 



from such pools based on their ability to bind to a target molecule. 
The selected aptamers will of necessity accommodate the presence of 
the fluorescent reporters. Since aptamers undergo ligand-induced 
conformational changes, the extant fluorescent reporters may also 
undergo a change in their local chemical environment and signal the 
conformational change accordingly. 

The post-selection introduction of a fluorescent or other 
reporter into the aptamer may disrupt the binding or other functional 
capabilities of an aptamer. However, the pre-selection introduction of 
a fluorescent reporter allows the selection of aptamers in which the 
fluorescent reporter can not post facto disrupt the binding or other 
functional capabilities of aptamers as those aptamers whose binding 
or other functional capabilities are disrupted will be lost during the 
course of the in vitro selection; only aptamers that can functionally 
accommodate the fluorescent reporter remain in the population. 

The following examples are given for the purpose of 
illustrating various embodiments of the invention and are not meant 
to limit the present invention in any fashion. 



17 



EXAMPLE 1 



Materials 

Agarose affinity resins and the derivatives of ATP used t o 
5 test the specificity of signaling aptamers were purchased from Sigma 
(St. Louis, MO). Fluorescein- 12-UTP was purchased from Roche 
Diagnostics (Indianapolis, IN). The other fluorescent UTP conjugates, 
Cascade Blue-7-UTP, Texas Red-5-UTP, and Rhodamine Green-5-UTP, 
were purchased from Molecular Probes (Eugene, OR). 



EXAMPLE 2 



Fluorescence Measurements 

15 All fluorescence measurements were taken on a Series 2 

Luminescence Spectrometer from SLM-AMINCO (Spectronic 
Instruments, Rochester, NY). The experimental samples were excited 
at the excitation maxima for the corresponding dyes (A, ex 494 nm for 
fluorescein, 505 nm for rhodamine green, 400 nm for cascade blue), 

20 and fluorescence intensity was measured at the corresponding 

18 



emission maximum (?i ex 521 nm for fluorescein, 533 for rhodamine 
green, and 420 for cascade blue). The 1 ml aptamer solutions were 
pipetted into a fluorimeter cell (Starna Cells, Inc., Atascadero, CA) and 
ligand solutions of varying concentrations were added in small 
5 volumes. 



EXAMPLE 3 

io Fluorescence response curves 

Fluorescent aptamers (50 nM) were thermally equilibrated 
in binding buffer. On average, eight readings were taken to establish 
the initial fluorescence intensity of the aptamer. ATP solutions of 
varying concentrations in binding buffer were added in increments of 

15 2 The change in fluorescence upon addition of ATP was plotted; in 
order to standardize the presentation of data, the fluorescence change 
at a given ATP concentration (F x -F 0 ) was divided by the fluorescence 
change at saturating ATP concentrations (F I00 -F 0 ). The data were fitted 
to the following equation using the program Kaleidograph (Synergy, 

20 Reading, PA): Y = AX/(X + B); where Y = the relative increase in 

19 



fluorescence at a given ATP concentration, (Fx-F 0 )/(F 10 o-F 0 ); X = 
concentration of ATP; A = the increase in fluorescence at saturating 
ATP concentrations, (F 100 -F 0 ); and B = the apparent dissociation 
constant value (concentration of ATP at Y = 0.5 A). 



EXAMPLE 4 



Preparation of a fluorescent RNA pool 

10 In order to generate signaling aptamers that yield large 

signals and low background, only a few fluorescent residues should be 
present in each binding species. If multiple fluorescent residues are 
present, many of them are not affected by localized conformational 
changes and therefore present an intrinsic fluorescent background 

15 that makes the identification of signaling aptamers more difficult 
thereby decreasing the overall magnitude of signaling. 

Therefore, a pool of RNA molecules (N51) is generated 
(Figure 1A) in which a 51 residue random sequence region is skewed 
so that U residues are poorly represented (33.1% A, C, and G, 6% U). 

20 The resulting population of RNAs is described by a binomial 

20 



distribution wherein a major fraction of the population contained only 
three to four uridine per molecule (Y = [51! / ((X!)(51-X)!)] (0.06) x 
(0.94) (51x) , where Y= fraction of the population, and X= number of 
uridines per molecule). The recent selection of C-less ribozymes 22 
5 proves that functional nucleic acid molecules potentially can be 
selected from pools lacking one of the four bases, and, therefore, that 
anti-adenosine aptamers can be selected from a U-poor pool. 

Specifically, a 102-mer DNA pool (N51; 5' 
TAATACGACTCACTATAGGGAAGGCACGAC— N 5r -AGACCCAACCAG 

10 CCAGAGACC (SEQ ID NO: 1)) (Figure 1A) with a random insert of 5 1 
nucleotides was synthesized. Each N represents a mixture of A, C, G, 
and T in a mole ratio of 3:3:2:0.38 A:C:G:T phosphoramidites. The 
single-stranded DNA pool was deprotected, purified, and PCR- 
amplified according to a standard protocol (33). Only 10% of the 

15 resultant DNA pool was amplifiable. A fluorescent RNA pool was 
transcribed from the double-stranded DNA pool using a T7 
Ampliscribe in vitro transcription kit (Epicentre, Madison, WI) with 1 
mM F-12-UTP substituting for UTP. Following DNAse digestion to 
remove the dsDNA template, fluorescently labeled RNA was purified 

20 on a 10% polyacrylamide gel, eluted overnight at 37° C in a 0.3 M NaCl 



solution, and ethanol precipitated. The pool was resuspended in 15 (il 
H 2 0 and subsequently quantitated by measuring the A 26 o using an 
extinction coefficient of 0.025 ml cm -1 jig* 1 . This is a standard 
extinction coefficient for non-fluorescent nucleic acids (34) and was 
5 adopted because fluorescein has an extinction coefficient near 2 60 
(21,000 M 'cm 1 ) that is similar to that of a nucleotide. Thus, the 
addition of a few fluorescein labels should not greatly perturb the 
overall extinction coefficient of the nucleic acid pool. 

10 

EXAMPLE 5 

In vitro selection of fluorescently labeled RNA aptamers 

The selection of fluorescently-labeled, anti-adenosine 

15 aptamers is carried out in essentially the same manner as the original 
selection for anti-adenosine aptamers (23). The initial RNA pool 
contained approximately 2 x 10 14 sequences. Following thermal 
denaturation in binding buffer (300 mM NaCl, 20 mM Tris-Cl, pH 7.4, 
5 mM MgCl 2 ) for 3 minutes at 65° C and equilibration to room 

20 temperature, the pool was passed through an 0.5 ml agarose column 

22 



to remove those species that bound to the column matrix. 
Subsequently, the pool (ranging from 4-30 |ig during the course of the 
selection) was applied to an ATP-agarose affinity column (ATP linked 
through its C8 via a diaminohexyl linker to cyanogen bromide- 
5 activated agarose), and allowed to equilibrate for 10 minutes. The 
concentration of ATP in the column was 2.3 mM, and the volume of 
the affinity column ranged from 0.2 ml to 1 ml during the course of 
the selection. Low-affinity binding species were removed by 
developing the column with from 15 to 104 column volumes of 

10 binding buffer. High-affinity species were eluted from the column in 
from 0.4 to 3 ml binding buffer containing 5 mM ATP. Following 
concentration via ethanol precipitation, the resulting enriched pool of 
fluorescent RNA molecules was reverse transcribed to a cDNA pool, 
amplified by PCR, and fluorescent RNA for the next round was 

15 generated by in vitro transcription. In the last three rounds, the pool 
was first passed over a 0.5 ml GTP agarose column as a negative 
selection. After 11 rounds of selection and amplification, a third of 
the fluorescent RNA pool is retained on an ATP agarose column 
following 8 column volumes of elution; in initial rounds less than 1 % 

20 of the pool was specifically retained and eluted. Furthermore, it is 
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possible to generate fluorescent RNA via transcription by using a 
chemically-modified nucleotide during the transcription process 

Aptamers from round 11 were cloned using a TOPO TA 
cloning kit (Invitrogen, Carlsbad, CA) and the sequences of 2 4 

5 aptamers were determined using a SequiTherm EXCEL II kit (Epicentre, 
Madison, WI). On average, 2.25 uridines were present per selected 
sequence, indicating that little or no selection against the 
incorporation of the modified base occurred. Aptamers were readily 
divided into five families based on sequence similarities, with two 

10 outliers (Figure 1C). Families 1 and 2 appear to share a six-residue 
sequence motif, CAGAAG (SEQ ID NO: 16). Figure IB shows the 
minimal anti-adenosine aptamer selected by Sassanfar and Szostak 
(23) 

Rafl7 is the first example of an aptamer selected from a 
15 pool significantly depleted in one of the nucleotides. Other aptamers 
from this pool (Family 4, Figure 1C) contain no uridine residues. It is 
especially encouraging that functional nucleic acids could be selected 
from a pool depleted in U, rather than C, since uridines remaining in 
the C-less pool can pair with both purines, while cytidines remaining 
20 in the U-poor pool should primarily pair with guanosine and not 
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adenosine. These results further demonstrate that the primordial 
evolution of nucleic acid replicators and catalysts may have not 
required a full complement of genetic information (24-25). 

5 

EXAMPLE 6 

Screening aptamers for signaling function 

The final pool of fluoresceinated RNA displays a slight 

10 signaling capability. When 600 nM of the pool is allowed to 
equilibrate in the presence of 2 mM ATP, it showed an increase in 
relative fluorescence of 7%. Representatives of the different families 
of sequences were assayed for signaling in the presence of 200 \xM ATP 
(Figure ID). Only aptamers from Family 1 displayed significant, 

15 positive signaling ability (increase in fluorescence), and rafl7 was the 
best signaling aptamer. An aptamer from Family 5 and an outlier, 
rafl28, displayed some negative signaling ability (decrease in 
fluorescence). 

20 
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EXAMPLE 7 



Mapping signaling residues 

Aptamers rafl7 and rafl5 both signal the presence of 
5 adenosine, yet the latter contains one more uridine residue then the 
former. This comparison suggests that the 3' -most uridine residue in 
rafl5 and other Family 1 members contribute to background 
fluorescence but are unnecessary for signaling. This is supported by 
the fact that rafl7 (22% increase in relative fluorescence) shows 
10 slightly more signaling ability than rafl5 (15% increase in relative 
fluorescence). 

In order to determine which of the two remaining 
fluoresceinated uridine residues in rafl7 (Figure 2A) are necessary for 
signaling, mutants of rafl7 were constructed that replace either the 

15 uridine at position 52 with cytidine (rafl7-U52C), or the uridine at 
position 61 with cytidine (rafl7-U61C). The U52C substitution 
displays no ATP-dependent changes in fluorescence, while the U61C 
substitution not only signals, but actually displays a slightly greater 
ATP-dependent change in fluorescence than the parental molecule, 

20 rafl7 (Figure 2B). This is consonant with the hypothesis that as 
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fluorophores unrelated to signaling are removed, signaling improves. 
RafT7 shows a maximal change in RFU of 56%, with an apparent K d of 
223 |iM ± 20 |iM for ATP. Rafl7-U61C shows a maximal change in RFU 
of 75%, with an apparent K d of 165 \M ± 10 |iM for ATP (Figure 2B). 

5 Overall, the results with different aptamers and mutants demonstrate 
that the fluoresceinated uridine at position 52 is the only residue 
required by the Family 1 aptamers for signaling. Moreover, signaling 
is apparently due to quenching of the fluorescein in the absence of the 
cognate lignad. When the aptamer is digested with ribonulcease, the 

10 maximum fluorescence intensity is equivalent to the fluorescence 
intensity of the intact aptamer in the presence of saturating 
concentrations of ATP. 

The predicted secondary structure of the aptamer rafl7- 
U61C (Figure 2 A) was examined in order to develop hypotheses 

15 regarding what other residues might be important for signaling. The 
single uridine occurs in an apparent multi-arm junction, away from 
the constant regions. A truncated version of the aptamer (rafl7s) was 
constructed in which most of the constant regions were removed 
while the long, predicted stem supporting the multi-arm junction 

20 remains. Rafl7s supports signaling activity (Figure 2B). In fact, the 
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signaling activity improves so that the maximal change in RFU was 
81%; the apparent K d was 175 |iM ± 5 \xM essentially the same as that 
of the parental ap tamer rafl7-U61C. Further truncations of rafl7s, in 
which portions of the multi-arm junction were removed did not signal 
(data not shown). 

The U-poor anti-adenosine signaling aptamer had an 
apparent K d for ATP that is roughly 200-fold higher than that of the 
canonical anti-adenosine aptamer ATP-40-1 selected by Sassanfar and 
Szostak (23), and independently selected by Burke and Gold (26) and 
Burgstaller and Famulok (27). However, the selected signaling 
aptamer does not appear to have a corresponding loss of specificity. 
These results are consistent with aptamer specificity being due largely 
to the steric constraints inherent in the structures of the binding 
pockets, rather than to the formation or loss of hydrogen bonds o r 
salt bridges with individual ligands. 
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EXAMPLE 8 



Specificity of signaling 

To assess the specificity of aptamer rafl7-U61C, relative 
5 changes in fluorescent signal were monitored in the presence of a 
variety of adenosine derivatives and other nucleotides. These data are 
shown in Figure 3 A, normalized to the change in fluorescence in the 
presence of ATP. The aptamer signals in the presence of any 
adenosine derivative that does not perturb either the nucleobase or 

10 the sugar (ATP, ADP, AMP, adenosine, NAD). However, most 
derivatives in which the nucleobase or sugar differ from adenosine 
show either no signaling or a slight quenching of the fluorophore. The 
sole exceptions are N6-methyl adenosine and T dATP, which still show 
some positive signaling ability. Interestingly, T deoxy adenosine does 

15 not signal. The aptamer may discriminate between 2' dATP and 2* 
deoxyadenosine because the presence of 5' phosphates seems to 
generally enhance recognition and signaling; ATP and ADP signal better 
than AMP and adenosine. 

Both the signaling aptamer and the anti-adenosine aptamer 

20 selected by Sassanfar and Szostak (ATP-40-1) (23) primarily recognize 
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the base and sugar portions of adenosine nucleotides. However, based 
on the criterion of positive signaling, the specificity of the rafl7b 
signaling aptamer is equal to or better than that of anti- adenosine 
aptamers selected from pools that contain equal amounts of all four 
5 residues (Figure 3B). The 'U rich' ATP-40-1 also cross-recognizes the 
adenine, 2'-0-methyladenosine, and 7-deazaadenosine, while the 'U 
poor' rafl7-U61C does not. Conversely, rafl7-U61C also recognizes 
N6-methyl adenosine, while ATP-40-1 does not. 

It was necessary to determine whether the selected 

10 signaling aptamer is specific enough to quantitate ligands in the 
prsence of complex mixtures. Changes in the fluorescence intensity of 
rafl7s were determined as ATP concentrations were varied against a 
background of GTP, CTP, and UTP (Figure 4A) or a background of 1 % 
calf serum (Figure 4B). 

15 In both instances, the signaling aptaver followed the 

presence and concentration of ATP. However, the apparent K d 's of the 
signaling aptamer in these two milieu's were quite different: the 
apparent K d in the presence of other nucleotides was 127 (iM ± 3 p,M, 
while the apparent K<, in serum was 212 \iM ± 7 (iM. Different 

20 environments appear to stabilize or destabilize the unliganded, 
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quenched form of the signaling aptamer to different extents. 
Practically, analyte quantitation in complex mixtures may require the 
use of standard curve, as is the case for numerous other analytical 
techniques. 

5 

EXAMPLE 9 

Selected signaling aptamers can genetically couple, ligand recognition 

10 to changes in fluorescence intensity 

The mechanism by which rafl7-U61C signals is unknown, 
but it seems likely that U52 undergoes a ligand-dependent change in 
chemical environment. If so, then there are two possibilities: the 
ligand-dependent conformational change is dependent on F-12-U, or 

15 the ligand-dependent conformational change is independent of F-12-U. 

In order to probe these possibilities, the aptamer was 
transcribed with other UTP analogs: Cascade Blue-7-UTP, Rhodamine 
Green-5-UTP, and Texas Red-5-UTP. Apart from the obvious 
differences in optical properties, these analogs also differed in the 

20 lengths of the alkyl amino spacer between the fluorophore and the 
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nucleoside (the number of atoms in the spacer is indicated in the 
name of the analog; Cascade Blue-7-UTP has 7 atoms between the dye 
and the nucleotide). 

Transcription of rafl7-U61C with Texas Red (raTR7b) 

5 yielded a labeled aptamer that did not signal. Remarkably, though, 
transcription with Cascade Blue (raCB7b) and Rhodamine Green 
(raRG7b) in place of F-12-UTP yielded signaling aptamer s (Figures 5A- 
5B). The maximal increase in RFU for raCB7b is 160%, with an 
apparent K d of 188 ± 15 ^iM. The calculated maximal increase in RFU 

10 for raRG7b is 220%, with an apparent K d of 571 ± 39 pM for ATP. 
Neither aptamer signals in the presence of up to 500 pM GTP. 

The few uridines in the selected signaling aptamers are 
important to function. The fact that quite different uridine-dye 
conjugates can support signaling by rafl7b suggests that binding and 

15 conformational changes are coupled strongly to the single remaining 
uridine residue. This is somewhat surprising, given that fluorescein 
had as much opportunity as any nucleobase, sugar, or phosphodiester 
to contribute chemical moieties to ATP-binding during the selection 
procedure. Modified nucleotides with longer spacer arms (F-12-UTP 

20 and Cascade Blue-7-UTP) perturbed binding less than those with 
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shorter spacer arms (Rhodamine Green-5-UTP and Texas Red-5-UTP). 
This apparent length correlation again indicates the central 
importance of the uridine residue itself in binding and signaling. 

5 

EXAMPLE 10 

Sensitivity and responsivity of selected and screened signaling 

aptamers 

10 Designed signaling aptamers require an intimate knowledge 

of three-dimensional molecular structure and must be painstakingly 
synthesized and assayed prior to use, whereas the selected and 
screened signaling aptamers require no foreknowledge of structure 
nor sequence and can be immediately applied as sensor elements. 

15 Moreover, selected signaling aptamers have better sensitivities than 
designed signaling aptamers. The apparent kd of and ATP-40-1 
derivative in which residue A13 is replaced with an acridine label is 
340 ± 70 |iM, while the basal of rafl7s is 175 ± 5 (iM. Selected 
signaling aptamers also have greatly superior responsivities (Figure 6). 

20 Acridine-conjugated ATP-40-1 has a maximal, adenosine-dependent 
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increase in relative fluorescence of 28 ± 2% (21), whereas the selected 
and screened signaling aptamers have up to seven-fold greater 
increases in relative fluorescence. The fact that different 
fluorophores were utilized in signaling aptamer design (acridine) than 
5 in signaling aptamer selection (fluorescein) does not limit the validity 
of such comparisons, since aptamers in which A13 was replaced with 
fluorescein showed no signaling capabilities (21). 



io EXAMPLE 11 

In vitro selection of fluorescently labeled DNA signaling aptamers 

It should be clear that corresponding fluorescently labeled 
DNA signaling aptamers can be readily selected in vitro using the 

15 method, with slight modifications to account for a DNA end product, 
as provided for fluorescently labeled RNA signaling aptamers. These 
DNA aptamers may incorporate either unmodified or chemically- 
modified nucleotides. A DNA pool using a random insert of a skewed 
mole ratio of nucleotides is synthesized and then amplified. 

20 Amplification of the DNA may be accomplished via either primers 
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containing one or more reporter molecules or nucleotides containing 
one or more reporter molecules. Single-stranded DNA is isolated from 
the amplified DNA and specific binding species of DNA aptamers are 
selected and subsequently amplified. 



EXAMPLE 12 



Signaling Aptamers as Diagnostic Reagents 

10 The in vitro selection of aptamers has proven to be an 

extremely facile and robust method for generating receptors for a 
variety of targets. Aptamers can now be thought of as universal 
receptors much the same way that antibodies have previously proved 
to be. However, unlike antibodies, aptamers are converted into 

15 readily synthesized diagnostic reagents that immediately report 
interactions with cognate ligands in solution (1-2, 28). 

A fluorescent reporter introduced into an aptamer could 
yield a change in intensity, anisotropy, lifetime or spectral properties. 
In particular, the fact that the same signaling aptamer can 

20 accommodate multiple different fluorescent dyes bodes well for the 
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application of signaling aptamers in schemes or devices requiring 
analysis at different wavelengths. Multiple fluors or molecules that 
modulate the properties of fluors can be introduced into the same 
aptamer and can undergo coordinated changes in intensity, 
anisotropy, lifetime, or spectral properties; in addition, changes in 
fluorescent resonance energy transfer (FRET) is possible. 

Based on these features, the further development of high- 
throughput methods for the selection of signaling aptamers can 
potentiate the development of sensor arrays that can detect large 
numbers of non-nucleic acid analytes. Specifically, for example, a 
useful combination of technologies might involve the chemical 
synthesis of signaling aptamers on beads and the introduction of these 
beads directly onto fiber optic cables (29-30) or into etched 
microwells (31-32). 
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One skilled in the art will readily appreciate that the 
present invention is well adapted to carry out the objects and obtain 
the ends and advantages mentioned, as well as those inherent therein. 
The present examples along with the methods, procedures, 

5 treatments, molecules and specific compounds described herein are 
presently representative of preferred embodiments, are exemplary, 
and are not intended as limitations on the scope of the invention. 
Changes therein and other uses will occur to those skilled in the art 
which are encompassed within the spirit of the invention as defined by 

10 the scope of the claims. 
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